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'4C-isoniazid (INH) was used to study the relationship between drug uptake or binding by Mycobacterium tuberculosis and growth inhibition of the organism, which is dependent upon the concentration of drug and the duration of exposure. When strain H37Ra, grown in modified Sauton's liquid medium, was treated with 0.1 Mg of INH per ml for 2 to 6 hr, followed by 10 ,g of nicotinic hydrazide (NH) per ml to block further INH uptake, growth was retarded but not completely inhibited upon continued incubation. NH itself did not retard growth. However, cells treated in a similar manner with INH alone grew normally when diluted 1:100 in fresh, drug-free media. Uptake data showed that bacilli exposed to 0.1 Mug of INH per ml accumulated 5.5, 9.7, and 12 m,ug/mg of dry cells at 2, 4, and 6 hr, respectively. Other experiments suggested that once isoniazid is bound, it is not rapidly lost when NH is added or when the cells are diluted in fresh media. In the presence of 1.0 Mug of INH per ml, tubercle bacilli took up 10 to 37 m,ug/mg of dry cells in 20 to 90 min. These cells were not markedly inhibited when diluted 1:40 in fresh NHcontaining media and incubated for 6 days. Growth inhibition of tubercle bacilli by INH depends on the uptake of sufficient drug, but the evidence obtained in this study suggests that the absolute concentration of bound INH is not as important in the action of the drug as is the maintenance of a critical cellular concentration for a requisite period of time.
Low concentrations of isoniazid (INH) inhibit the growth of Mycobacterium tuberculosis by a mechanism(s) which is not understood at the present time (8) . Other mycobacteria and virtually all microorganisms of either closely or distantly related taxa are resistant to concentrations of INH which vary up to four or five orders of magnitude higher than that required to inhibit sensitive tubercle bacilli (7, 9) . A close direct relationship exists between a cell's capacity to bind or take up INH and its susceptibility to the drug. Thus, sensitive tubercle bacilli readily bind INH, whereas resistant strains and other microbes do not (3, 4, (10) (11) (12) (Fig. 1 ). In fact, the level of cell-bound drug seemed to fall off gradually, which might reflect INH metabolism by the tubercle bacillus (11, 13) . In early preliminary work, we observed that NH protects tubercle bacilli from INH growth inhibition and is itself not inhibitory to the organism at a concentration of 10 Ag/ml. Thus, NH has provided us with an experimental approach to the question of INH uptake as it pertains to time-concentration relationships.
The experiment presented in Fig. 2 shows the protective effect of NH on the growth of tubercle bacilli exposed for various periods to an inhibitory concentration of INH. Treatment of cells for 2, 4, or 6 hr with 0.1 ,ug of INH per ml, followed by 10 ,ug of NH per ml, resulted in a partial reversal of growth inhibition. The more brief the initial INH exposure, the greater was the recovery of growth after addition of NH. However, in each case, the curves represent inhibited growth rates. If we may assume that, for the first several hours of INH exposure, most of the cell-bound drug is intact INH, then at 2, 4, and 6 hr we may extrapolate from Fig. 1 A requirement for maintenance of some critical level of cell-bound INH is suggested when the data of Fig. 1 and 2 are compared with that of Fig. 3 . At 1.5 and 3.5 hr of exposure to 0.1 jg of INH per ml, the amount of drug bound by the bacilli was 4.7 and 10.8 m,ug/mg of dry cells, respectively. A 1:100 dilution of these suspensions into fresh Sauton's medium resulted in completely normal growth patterns. (INH was diluted to 0.001 ,ug/ml, which is at least 10 times less than a minimal inhibitory growth concentration.) The possibility that cell-bound INH is lost rapidly upon dilution of the cells in a drug-free medium was tested experimentally, but the results did not support this (Fig. 4) A log-phase Sauton culture with an OD of 0.14 was used. A 2-ml amount of culture was inoculated into 200 ml offresh medium as a growth control. 14C-INH was added to the remainder of the culture at a final concentration of0.1 ,ug/ml. After 1.5 and 3.5 hr ofincubation, drug uptake was measured, and 2.0-ml samples were inoculated into 200 ml offresh medium for growth assay. contact with the cells suppresses their growth (see Fig. 2 ), does not affect the growth of these cells after transfer to a drug-free medium.
Since tubercle bacilli containing as much as 10.8 mAg of INH per mg (dry weight) grew normally in a drug-free medium, it was of interest to determine growth patterns of cells with bound INH levels in excess of this quantity (Fig. 5) . Tubercle bacilli were exposed for periods of 20, 60, and 90 min to 1.0 ,ug of INH per ml. Uptake was measured and the cells were diluted 1:40 into fresh Sauton's medium containing 10 (Fig. 5) . In fact, the degree of inhibition was not as pronounced as that seen in Fig. 2 , when only 9.7 to 12 m,ug of INH was bound over a longer period of time. (1) . Five ml from the second flask was added to fresh medium containing 10J ,g ofNH/ml (2). The otherfive samples were incubated with 1.0 ,ug of 14C-INH/ml. At each time interval, a singleflask was removedfrom the incubator; a 5.0-ml sample was used for determination of INH uptake; a second 5.0-ml sample was inoculated into 200 ml of Sauton's medium containing 10 jig of NH/ml for growth assay. There was no NH in (7) , which was the INH control.
incubation. This is consistent with the earlier work of Armstrong (1, 2 Fig. 1 ).
It is also possible that, after incubation of "4C-INH-containing cells for several hours in a medium devoid of INH, a significant proportion of the cell-bound 14C activity is no longer INH, but rather some product of its metabolism (11, 13) . If this were true, it would not necessarily weaken the idea that a critical level of active INH is maintained under conditions where further INH uptake is blocked by NH. In the latter case, an equilibrium may be established and, although there is no net increase in cell-bound 14C activity after NH is added, limited quantities of fresh INH can enter the cells.
One final consideration is necessary to dispel any notion that this study argues against the treatment of tuberculosis by daily pulsed exposures to high levels of INH. Although a 60-or 90-min treatment of tubercle bacilli with 1.0 Mg of INH per ml resulted in only a modest inhibition of growth after 5 to 6 days of incubation (Fig. 5) , there was a much more pronounced effect in the early stages of growth. In other words, it appears that the initial growth rate was markedly inhibited in the INH-treated cells.
Therefore, a 60-to 90-min exposure to 1.0 Mg of INH per ml every 24 hr would probably result in bacteriostasis as reported by Armstrong (1, 2) .
